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缩 略 词 表 
英文缩写         英文全称       中文全称 
mTOR                Mammalian target of rapamycin       雷帕霉素靶蛋白 
PI3P                 Phosphatidylinositol 3-phosphate     磷脂酰肌醇-3-磷酸 
DMSO                    Dimethyl sulfoxide                 二甲基亚砜 
DAB                    Diaminobenzidine                二氨基联苯胺 
OD                        Absorbance                          吸光度 
PBS                    Phosphate Buffer Solution            磷酸盐缓冲液 
VEGF               Vascular endothelial growth factor    血管内皮生长因子  
Beclin-1             Autophage related gene Beclin-1    自噬相关基因Beclin-1 
LC3-Ⅱ       Microtubule associate protein 2 light chain 3  微管相关蛋白2轻链3 







































方法：将 189只成年雄性 SD大鼠纳入此实验。通过对 SD大鼠行右股骨干中段骨





X 线、Micro-CT 观察骨痂生长情况；选取 6 只大鼠行免疫荧光观测 LC3-Ⅱ蛋白
表达和行免疫组化观测 Beclin-1 蛋白表达来评价大鼠体内自噬水平；选取 5 只
大鼠行 H&E染色观察骨折断端骨组织成骨细胞数量评价成骨活性；选取 5只大鼠















结果：免疫荧光检查显示，各检测时间点上 A 组 LC3-Ⅱ蛋白在骨组织中表达明
显高于 B、C 两组，C 组 LC3-Ⅱ蛋白表达较其它两组明显降低。三组行 X 线检查
后发现 A、B 两组于造模 2 周后即开始有骨痂形成，而 C 组骨折线仍清晰可见，
此外 A组骨痂钙化时间均早于 B、C两组。Micro-CT第 6周结果显示的平均骨小

























Objective To research the process of autophagy in bone tissue after fracture at 
different time points. 
Methods Femur fracture model were established by surgery in male adult 
Sprague-Dawley (SD) rats. This experiment was designed by two groups: femur 
fracture group with 30 rats and normal group with 6 rats. Expression of LC3-Ⅱwas 
analyzed in both group by immunofluorescence at 6 hours, 12 hours, 24 hours, 3 days 
and 7 days after operation. 
Result Immunofluorescence staining showed that LC3 -Ⅱ protein expression in the 
cytoplasm of both groups, the control group LC3-Ⅱ protein was scattered while the 
LC3 -Ⅱ protein expression in experimental groups were higher than control group (P 
< 0.05). 
Conclusions Bone fracture could cause activation of autophagy in the rat femoral 
fracture model.  
Keywords: fracture; autophagy,  
 
Chapter Two 
Objective To research the effect on fracture healing by regulating the level of 
autophagy. 
Methods 189 rats femur fracture models were established by surgery in adult SD rats 
and divided in to A, B, C groups. A group: Rapamycin group (1 mg/kg weight/day) 
(n=63 rats) , B group: Dimethyl Sulfoxide (DMSO) vehicle control group 
(0.4%DMSO，1.2ml/kg ,n=63 rats) and C group is 3-mytheladenine group (30mg/kg 
n=63 rats) were administered intra peritoneally for 2 weeks,4 weeks and 6 weeks, and 
randomly kill 21 rats in each group at these 3 time points. X-ray, Micro-CT and H&E 
staining method were used to evaluate the femur fracture healing among each group. 
The indicators of effect on autophagy by pharmacology were analyzed by 















factor (VEGF) were analyzed by western blot. 
Result Immunofluorescence results showed that compared with A and B groups the 
expression of LC3-Ⅱ in C group were the lowest. At 2 weeks, the Beclin-1 
immunohistochemistry showed that the positive ratio of A, B, C groups were 
(78.34±5.23)%、(48.20±4.33)% and (31.22±4.65)%, and the X-rays showed that the 
fracture line of C group was still clearly visible but the other groups had callus 
growth , besides that, the calcification time of A group was earlier than B and C 
groups. The data of mean trabecular plate density in A, B, C groups were 78.31±5.30，
59.81±4.40 and 31.20±4.87 after 6 weeks. 
Conclusions These results suggest that rapamycin and 3-mytheladenine, at least in 
part by autophagy activation and inhibition, may play a role in fracture healing. The 
activation of autophagy may be an effective approach for bone fracture healing. 
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    最近也有研究报道通过建立其他类型老鼠动物模型来阐明自噬在成骨细胞
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